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1. Introduction {#s0005}
===============

The current global pandemic of novel coronavirus disease 2019 (code-named COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and its potential transmission through wastewater is raising concerns amidst the science community ([@bb0015]; [@bb0260]; [@bb0230]; [@bb0010]; [@bb0190]). While studies on the routes through which humans can contract the virus are still evolving, the currently known routes are inhalation of droplets of saliva, sputum, and person-to-person body contacts ([@bb0290]; [@bb0130]). Recent studies demonstrate that the SARS-CoV-2 virus is shed in feces from infected patients with severe symptoms ([@bb0270]; [@bb0210]), asymptomatic status ([@bb0250]), and treated patients with no further sign of the symptoms ([@bb0300]). [@bb0140] and [@bb0145] also reported the presence of the SARS-CoV-2 viral RNA in the urine samples of infected patients. Similarly, only the SARS-CoV-2 RNA was reported in the hospital sewage and community wastewater ([@bb0175]; [@bb0150]). Although the ability of the SARS-CoV-2 to persist in the water medium, including wastewater remains uncertain ([@bb0105]), the detection of the SARS-CoV-2 RNA in both untreated and treated wastewater ([@bb0010]; [@bb0260]) and the isolation of the infectious SARS-CoV-2 from stool samples ([@bb0275]; [@bb0300]; [@bb0310]) raise a concern of the risk of the potential spread through this medium ([@bb0020]; [@bb0230]; [@bb0095]). However, to date no study could confirm the transmission of SARS-CoV-2 through virus-contaminated water. Also, some studies reported that SARS-CoV-2 loses its infectivity very quickly in wastewater ([@bb0260]; [@bb0020]). Nonetheless, other waterborne diseases contracted through the consumption of contaminated water such as diarrhea and gastroenteritis are rampant in low-income countries ([@bb0215]).

The current state of the sanitary system in low-income countries, especially in Africa, is critical. The proximity of the pit-latrine sanitation system and groundwater source is very common in many parts of the low-income countries while series of indiscriminate and open defecation close to the surface water has also been reported ([@bb0050]; [@bb0035]; [@bb0285]). Moreover, the untreated wastewater is often discharged into the environment ([@bb0005]), which inadvertently could found its way to the groundwater source ([@bb0200]). Since the majority of the population in low-income countries, especially the people in rural and peri-urban communities, largely rely on the surface and groundwater resources to meet their daily water consumption, the potential risk of community spread of COVID-19 disease needs to be taken into consideration.

This communication added to the existing literature on the concerns of possible snowballing transmission of COVID-19 through wastewater ([@bb0260]; [@bb0230]; [@bb0010]; [@bb0190]; [@bb0150]), with particular interest to propose sustainable measures to mitigate the risk of the potential spread of COVID-19 through wastewater in low-income countries.

2. Pathways of SARS-CoV-2 RNA in the water systems {#s0010}
==================================================

The SARS-CoV-2 RNA could enter the water systems through numerous pathways ([Fig. 1](#f0005){ref-type="fig"} ), consequently causing the risk of potential transmission of COVID-19 in the water environment ([@bb0020]; [@bb0260]; [@bb0150]). These paths include wastewater discharged from hospitals and isolation and quarantine centers ([@bb0270]; [@bb0275]; [@bb0265]). The excreta-related contaminations are found to transmit through the contamination of water systems ([@bb0220]). Many water sources can, therefore, be potentially contaminated via varieties of routes. The surface water (streams and lake) where wastewater is often discharged directly without proper treatment can also be a potential vehicle for the SARS-CoV-2 through the water channels into various parts of the communities, where they rely on these water sources for their daily needs in low-income countries.Fig. 1Sources and pathways of SARS-CoV-2 in water systems.Fig. 1

Similarly, groundwater sources are not safe in this regard, as there could be a potential virus-contamination during the groundwater recharge. Also, the hospital wastes when disposed of without proper treatment in water bodies could be a reason for disease transmission ([@bb0090]; [@bb0135]). [@bb0115] and [@bb0125] highlighted several studies where pepper mild mottle virus and other human enteric viruses were detected in both surface and groundwater sources. There is a need to safeguard the water system pathways to prevent unexpected contamination of these water sources from SARS-CoV-2 and other pathogens. Such viruses and pathogens have more potential chances to spread in the areas having inadequate water supply facilities and possible direct infection of employees of wastewater treatment plants ([@bb0040]). However, it is reported that half-life of SARS-CoV-2 in wastewater was significantly affected by temperature ([@bb0100]), UV ozone ([@bb0280]), and chlorine disinfectant ([@bb0305]). The half-life of SARS-CoV-2 in hospital wastewater was estimated to range between 4.8 and 7.2 h at 20 °C, with a 99.9% sequence match in nucleotide and similarity in the spike glycoproteins among the variants of SARS-CoV-2 ([@bb0100]; [@bb0235]).

The person-to-person contact is the most important factor which enhances the COVID-19 spread rate. A recent example includes the uncontrolled COVID-19 outbreak in the Dharavi place of Mumbai, India. It is South Asia\'s largest slum area which has nearly 0.65 million population within the 2.5 sq. km area. The person-to-person social distancing measure is not practicable and this led to 3000 confirmed COVID-19 cases. Moreover, water and hygiene practices in slum areas are poorly exercised or adopted, which indicates the reason for annual malaria and dengue fever outbreaks in Dharavi. Hence, it raises a potential concern of SARS-CoV-2 RNA in wastewater and COVID-19 spread ([@bb0055]).

3. Sustainable preventive measures of SARS-CoV-2 in the water systems {#s0015}
=====================================================================

The transmissibility of the virus is considered to be from the primary host (bat) to an immediate host, and then to human (host), which can be further widened from human-to-human freely ([@bb0255]). The [@bb0295] therefore gave the preventive measures to adopt for the mitigation of the spread of the virus, which include maintenance of social distancing, face masking when outdoors, frequent handwashing with soaps or alcohol-based sanitizer, and shunning of touching eyes, nose, and mouth. While these measures are genuine and have been noted to be effective ([@bb0030]), the fear of potential widespread due to community interactions, especially in the low-income countries where many households share sanitary and water systems persists ([@bb0015]). Therefore, we suggested the following measures, which are not exhaustive and set the tone for further research in this line.

3.1. Decentralization of wastewater treatment facilities {#s0020}
--------------------------------------------------------

The isolation centers and some of the health care facilities designated for the monitoring and treatment of COVID-19 infected patients share the same sewerage system with the neighboring communities. This arrangement makes people within these communities to likely use the water from the stream or open well (common water sources in low-income countries) within the catchment, and thereby potentially vulnerable to coronavirus diseases. The improper disposal of hospital waste and wastewater without adequate treatment could lead to public health risks and the potential danger of infection ([@bb0280]). Several studies have reported the presence of SARS-CoV-2 in feces and wastewater ([@bb0110]; [@bb0270]; [@bb0020]). Leakage of sewerage system when conveying wastewater containing contaminated excretes is one of the ways by which sanitary related diseases can be contracted by human beings ([@bb0045]; [@bb0085]). The best way to address this is to create a decentralized wastewater treatment facility. Specifically, separating the wastewater treatment of the health care facilities from the community central systems for proper treatment targeting virus removal.

3.2. Community-wide monitoring and testing of SARS-CoV-2 RNA in wastewater {#s0025}
--------------------------------------------------------------------------

The low-income countries have been reported to have low testing rates for COVID-19 as compared to developed countries due to lack of adequate testing kits and facilities ([@bb0120]; John [@bb0195]). There is currently a significant gap in the testing in many low-income countries, with only 88,432 people tested so far as on June 13, 2020, out of about 200 million in Nigeria, the most populous country in Africa ([@bb0185]). Therefore, large-scale testing of the huge population would be an arduous task and might not be feasible in these regions. Regrettably, the spread of the virus within a short period among these countries has been attributed to the inability to rapidly detect the infected individual\'s status before mingling and transmitting the SARS-CoV-2 to others ([@bb0180]). Since early detection of the virus can be obtained from the feces ([@bb0205]), testing of the virus particles in the community wastewater before following it up with individual testing would be an alternative method to contain the spread. The approach of wastewater-based epidemiology is deemed effective and sustainable for the regions of low-income nations to surveil the prevalence of the COVID-19 disease in the population by monitoring the abundance of SARS-CoV-2 in wastewater, then the current scouting for episodic symptoms of the virus from an individual. [@bb0070] also reiterated the importance of community-wide testing as an inexpensive way to monitor the status and trend of COVID-19 infections. The resourcing of field and laboratory facilities for community-wide monitoring and testing should be one of the major priorities of the governments of low-income countries since it provides significant insight into monitoring the large-scale virus spread within short period and at low-expenses.

3.3. Improved sanitation and water quality {#s0030}
------------------------------------------

Poor sanitation and lack of adequate water quality have been responsible for many sicknesses and deaths globally. About 829,000 deaths were reported due to water, sanitation, and hygiene-related in 2016 ([@bb0220]). The target 6.1 of the Sustainable Development Goal of the United Nations Agenda (SDG 6) was specifically on the provision of clean water and sanitation for all by 2030. However, the lack of improved sanitary and adequate water quality continues in many countries of the low-income nations. Only a few households have separate sanitary systems (bathroom and toilet). At the same time, many still depend on unsafe water sources in the rural communities of low-income nations, where significant populations reside ([@bb0025]). Moreover, untreated wastewater management is a major problem in low-income countries with attributable health challenges including respiratory infections, gastroenteritis, lymphatic filariasis, trachoma, schistosomiasis, and many more ([@bb0200]; [@bb0220]). The quality of the water system is often judged by a mere appearance using the turbidity level ([@bb0160]), while the testing of the presence of SARS-CoV-2 and other enteric viruses require highly sensitive equipment and facilities in water systems. Some studies have recently reported the use of cheap systems such as paper-based and biosensor devices for the detection of SARS-CoV-2 in wastewater ([@bb0155]; [@bb0170]). Adequate sanitation and improved water quality are poised to address the potential contamination of water systems by preventing the unexpected transmission of the SARS-CoV-2 and other possible related human enteric viruses that could emanate from feces of an infected person.

3.4. Development and use of the point-of-use device for virus decontamination {#s0035}
-----------------------------------------------------------------------------

The development of a low-cost point-of-use device that could inactivate and remove SARS-CoV-2 and related viruses should be at the forefront of discovery. Previously, some inexpensive point-of-use devices were developed to treat virus-contaminated water. These include iron-oxide bio-sand filters ([@bb0060]), zero-valent iron filter ([@bb0245]), gravity-based ultrafilter ([@bb0065]), nanocellulose-based filter ([@bb0165]), etc. Such devices will go in no small measure to further mitigate the potential infection of COVID-19 diseases, especially in a setting where there are no effective wastewater treatment systems. [@bb0065] developed a low-cost gravity ultrafiltration point-of-use for the treatment of wastewater for the waterborne gastrointestinal pathogen in rural communities of Mexico. Some point-of-use technologies have also been previously developed, especially for developing communities to remove selected waterborne pathogens ([@bb0215]) and enteric viruses in the water systems ([@bb0080]). Since preliminary investigations have suggested the oxidants like chlorine, ozonation, and UV irradiation have the potential to inactivate the SARS-CoV-2 in a water environment ([@bb0240]; [@bb0280]; [@bb0225]). This can, therefore, be incorporated into the existing low-cost point-of-use technology for the treatment of wastewater containing feces with possible SARS-CoV-2 (sewage), while further investigations into a specific low-cost technology that can efficiently remove the SARS-CoV-2 from water systems including wastewater is ongoing.

3.5. Policy intervention {#s0040}
------------------------

The streams serve as recreational waters for people, especially children, in rural communities. The children often have their baths in the streams, which are often used as the primary source of water consumption in many parts of the villages in low-income countries ([@bb0075]). The strong policy intervention is required at this critical period of COVID-19 pandemic to ensure adequate compliance with the discharge of wastewater into the environment, especially surface water without proper treatment procedures targeted at removing enteric viruses and other waterborne causing diseases. Sensitization of the populace, especially people in rural villages, on the awareness of the seriousness of the COVID-19 pandemic is essential as many of them do not have access to the happenings in the world. The government and policymakers\' roles are very germane to mitigate and prevent the total outbreaks of the ravaging COVID-19. Recognizing the non-existence of standard methodologies to examining the wastewater for the presence of SARS-CoV-2 in terms of both sampling and treatments, there is a need for a rapid process on establishing the standard procedures that could generally be adopted as the COVID-19 is regarded as a pandemic while the employees in the wastewater systems are taking precautionary measures that would prevent them from the possible danger of infections.

4. Conclusion {#s0045}
=============

The potential outbreak of COVID-19 disease in low-income countries due to poor sanitary systems and lack of proper wastewater treatment cannot be ignored as it is related to the quality of personal hygiene. The vast population coupled with low socioeconomic status in these nations could serve as an avenue for the potential spread of COVID-19 disease and other waterborne pathogens. The inexhaustible preventive measures, including decentralization of wastewater treatment facilities, community-wide monitoring and testing of SARS-CoV-2 in wastewater, improved sanitation and water quality, development, and the use of the point-of-use device for virus decontamination, and policy intervention were proffered, especially for the low-income countries to forestall the unexpected outbreaks transmission of the COVID-19 disease via wastewater. The improved sanitation and adequate water quality can significantly address the potential waterborne diseases that could emanate from wastewater.
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